A major problem after clinical autologous islet transplantation (AIT) is the difficulty in achieving insulin independence. To follow up on our demonstration in a murine model that high-mobility group box 1 (HMGB1) was released from islets and involved in early loss of transplanted islets, we tested the role of HMGB1 in clinical AIT. Serum HMGB1 levels from 15 AIT patients were significantly elevated during islet infusion (7.6 ± 1.2 ng/ml) and 24 h after infusion (8.0 ± 1.4 ng/ml) compared to admission levels (2.4 ± 0.6 ng/ml). The first elevation of HMGB1 was associated with islet damage, but the later elevation was not. The change in the HMGB1 level from admission to first peak (DHMGB1) was significantly higher in the AIT group (8.1 ± 1.1 ng/ml) than in the pancreatectomy-only control (2.2 ± 0.5 ng/ml) (p < 0.05). Circulating serum levels of soluble receptor for advanced glycation end products (sRAGE) were also elevated during islet infusion. In vitro studies demonstrated that damaged human islets released HMGB1 but not sRAGE. In terms of outcomes, the insulin-free group showed significantly lower DHMGB1 (5.2 ± 0.6 ng/ml) and higher DsRAGE (2.3 ± 0.6 ng/ml) than the insulin-dependent group (10.6 ± 1.9 ng/ml and 0.7 ± 0.2 ng/ml, respectively). The DHMGB1 correlated with the number of white blood cell, IP-10, EGF, and eotaxin. In conclusion, serum HMGB1 was elevated in AIT and could be associated with inflammatory reactions that deteriorate islet engraftment. Therefore, anti-HMGB1 therapy might be a candidate for further improving the outcomes of clinical AIT.
INTRODUCTION
Autologous islet transplantation (AIT) is performed to prevent surgical diabetes after total or subtotal pancreatectomy (1, 6, 18, 27, 35) . The leading indication for pancreatectomy is chronic pancreatitis with severe abdominal pain (3). While total pancreatectomy effectively reduces severe abdominal pain (6), it causes surgical diabetes (1). Therefore, intraportal AIT is a good option for preventing surgical diabetes after total pancreatectomy. However, previous reports have demonstrated that the insulinindependent rate after AIT was only 26% to 47%, despite the absence of auto-or allogeneic immunity (18) . A higher rate of insulin independence after AIT would make this therapy more attractive for patients with chronic pancreatitis.
Recently, we reported that in a murine model, highmobility group box 1 (HMGB1) protein was uniquely abundant within pancreatic islets, and damaged islets released HMGB1 (23). In this model, serum HMGB1 levels increased shortly after intraportal syngeneic islet transplantation, and HMGB1 stimulated production of inflammatory cytokines including interleukin-12 (IL-12) and interferon (IFN)-g in concert with dendritic cells (DCs), natural killer (NK) T-cells, and neutrophils in the liver receiving syngeneic islets. Subsequently, these inflammatory cytokines accelerated the injury to transplanted islets (23). Furthermore, we recently reported that damaged human islets also released HMGB1 using in vitro studies (12) .
Based on these findings, in the present study we hypothesized that i) serum HMGB1 levels would increase after AIT, ii) that release of HMGB1 would correlate as a marker of islet injury in AIT, and iii) increasing levels of HMGB1 would be inversely correlated to the outcomes of AIT.
MATERIALS AND METHODS

Patients
A total of 15 patients with chronic pancreatitis underwent total pancreatectomy with AIT, and 3 patients with chronic pancreatitis underwent total pancreatectomy without AIT (Px) from September 2010 to October 2011 at Baylor University Medical Center (Dallas, TX, USA) or the University of Leicester (Leicester, UK) (see Table  1 ). This study was approved by the institutional review board, and written informed consent was obtained from all patients included in this study.
AIT
Immediately following total pancreatectomy, pancreata were delivered to the islet isolation facility at Baylor Research Institute (Dallas, TX) or the University of Leicester (Leicester, UK). Liberase MTF with thermolysin (Roche, Indianapolis, IN, USA) was infused into the main pancreatic duct. Pancreas digestion was performed using the modified Ricordi method (21, 26) . If the pellet volume was larger than approximately 20 ml, islets were purified using COBE 2991 cell processor (CaridianBCT, Inc., Lakewood, CO, USA) with continuous density gradient centrifugation (19) . The final preparation of islets was assessed for its yield and purity using dithizone staining (2 mg/ml; Sigma-Aldrich, St. Louis, MO, USA). The islet yield was converted into a standard number of islet equivalents (IEQs), with the diameter standardizing to 150 μm. Islet viability in the final product was evaluated with fluorescein diacetate/propidium iodide (PI) staining (Sigma-Aldrich). The viability was calculated by averaging the viability of 50 islets.
Isolated islets were infused into the portal vein via the mesenteric vein with heparin (70 U/kg body weight; Hospira, Lake Forest, IL, USA) over 30 to 60 min while the patients were under general anesthesia. During islet infusion, portal vein pressure was measured with a pressure transducer (IntelliVue X2 Monitor, Philips Healthcare, Andover, MA, USA) intermittently. If portal vein pressure exceeded 20 mmHg, the infusion of islets was stopped until portal vein pressure decreased.
Serum Tests
Serum samples were obtained at admission, prior to islet infusion, during islet infusion, at the completion of islet infusion, and subsequently at 1 h, 3 h, 6 h, 24 h, 3 days, 5 days, and 7 days post-islet infusion. Serum samples were stored at −80°C until assayed.
The serum levels of HMGB1, C-peptide, proinsulin, and soluble receptor for glycation end products (sRAGE) were measured using HMGB1 ELISA kit II (Shino-test, Kanagawa, Japan) (37), C-peptide enzymelinked immunosorbent assay (ELISA) kit (Mercodia, Uppsala, Sweden), proinsulin ELISA kit (Mercodia), and Quantikine human soluble RAGE kit (R&D Systems, Minneapolis, MN, USA), according to the manufacturers' instructions. The levels of serum HMGB1, C-peptide, proinsulin, and sRAGE were expressed as mean ± SE.
Secretion of cytokines and chemokines was determined by measuring serum samples in a Luminex Ò 200 (Millipore, Billerca, MA, USA) using xMAP technology (Luminex, Austin, TX, USA). The bead assay was performed according to the manufacturer's instructions (11).
The secretory unit of islet transplant objects (SUITO) index was calculated by the following formula to access 
In Vitro Studies
Two research-grade human pancreata from brain-dead donors were provided by a local organ procurement organization (Southwest Transplant Alliance, Dallas, TX, USA) for this study. Pancreata were procured using a standardized technique, with intraductal pancreatic preservation as previously described (20, 21) . Human islet isolation was conducted as previously described using the standard Ricordi technique with modifications introduced in the Edmonton protocol (18, 21, 22, 26) .
Isolated islets were cultured in Connaught Medical Research Laboratories medium (CMRL1066; Mediatech, Inc., Manassas, VA, USA) at 37°C in 95% air and 5% CO 2 for 24 h after islet isolation. After 24 h of initial culture, islets were washed with culture medium and divided into three groups: control, cytokine treated, and hypoxia induced. In the control group, 100 handpicked islets were cultured at 37°C in 95% air and 5% CO 2 for 48 h. In the cytokine-treated group, 100 handpicked islets were cultured at 37°C in 95% air and 5% CO 2 for 48 h with tumor necrosis factor-a (TNF-a; 1,000 U/ml), IFN-g (1,000 U/ml), and IL-1b (50 U/ml; all from R&D Systems). In the hypoxiainduced group, 100 handpicked islets were placed into modular incubator chambers (Billups-Rothenberg, Inc., Del Mar, CA, USA). The chambers were flushed with hypoxic (1% O 2 , 5% CO 2 , and 94% N 2 ) gas, closed to maintain the hypoxic condition, and then put into an incubator at 37°C for 48 h.
After the normoxic and hypoxic culture, islets were lysed with 0.2% Triton X-100 (Sigma-Aldrich) and treated with a buffer containing 10 mM Tris-(hydroxymethyl) aminomethane hydrochloride (Sigma-Aldrich) and 5 mM ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich) to extract DNA. DNA aliquots of islets from each treatment group were measured using a dsDNA Assay Kit (Molecular Probes, Inc., Eugene, OR, USA). To compare the measured molecule amounts among the different samples, each amount of examined molecule was converted to μg DNA of total cultured islets (11). The quantity of proinsulin, C-peptide, HMGB1, and sRAGE in the culture medium was measured using identical kits used for the serum samples and normalized to the total μg DNA of cultured islets. The data were expressed as mean ± SD.
Islets from each group were also stained with Hoechst 33342 (HO342; Sigma-Aldrich) and PI (Sigma-Aldrich) for viability assays, as briefly described previously (28). For histological analysis, islets from each group were preserved in 10% formalin (Sigma-Aldrich), embedded in paraffin, and sectioned at 5 μm. Tissue sections were deparaffinized, and heat-mediated antigen retrieval was performed. The sections were stained immunohistochemically with rabbit anti-HMGB1 antibody (Abcam, Cambridge, UK), guinea pig anti-insulin antibody (Sigma-Aldrich), and 4¢,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich) (11).
Statistical Analysis
The statistical significance of the serum and medium HMGB1, C-peptide, proinsulin, and sRAGE levels were determined by repeated measurements of ANOVA with Tukey's post hoc tests for timeline. The statistical significance between AIT and Px, and between the insulindependent group and the insulin-free group, was determined by Student's t test. The relationship between two variables was tested by Spearman correlation coefficient. To find independently associated cytokines or chemokines with ∆HMGB1, which is the difference between initial peak and baseline level at admission, multivariate linear regression analysis with stepwise method (criteria to enter p < 0.05 and to remove p > 0.1) was performed after univariate evaluations. Variables with p < 0.1 were entered for multivariate analysis after considering the cofounding factor. All statistical analyses were performed using StatView 5.0 (SAS Institute Inc., Cary, NC, USA) or IBM SPSS Statistics Version 20 (IBM Corp., Armonk, NY, USA). Differences were considered significant when p < 0.05.
RESULTS
Patient and Islet Characteristics
The patient and islet characteristics of the 15 cases of AIT and 3 cases of Px are shown in Table 1 . Pretransplant hemoglobin A1c (HbA1c) levels were significantly lower in the AIT group than in the Px group (p < 0.05). In 9 of 15 AIT patients, pretransplant HbA1c levels were less than 6.0%; in 6 of 15 AIT patients, pretransplant HbA1c levels were more than 6.0%.
Increase in Serum HMGB1 Levels After AIT and Association With Proinsulin, C-Peptide, and sRAGE
Serum HMGB1 was elevated at two distinct points after AIT: during islet infusion and 24 h after islet infusion. Serum HMGB1 levels at the middle of islet infusion (7.6 ± 1.2 ng/ml), at the completion of infusion (7.0 ± 1.2 ng/ml), 1 h after infusion (7.2 ± 1.4 ng/ml), and 24 h after infusion (8.0 ± 1.4 ng/ml) were significantly higher than levels at admission (2.4 ± 0.6 ng/ml) (p < 0.05) ( Fig. 1A, upper panel) .
Among the 15 cases of AIT, we experienced a unique case in which isolated islets showed approximately 100% purity without any purification. Interestingly, the serum samples from this patient showed the same two distinct points of elevation of serum HMGB1 (Fig. 1B) . Serum HMGB1 levels at admission, at the middle of infusion, and 24 h after islet infusion were 0.5, 15.3, and 6.1 ng/ml, respectively. These results suggested that the serum HMGB1 was mainly released from islets and not from exocrine tissues, even if the HMGB1 was derived from transplanted tissues.
To assess the correlation of the islet damage and serum HMGB1 levels, we measured proinsulin and C-peptide levels. Proinsulin and C-peptide may be released by the damaged islets; therefore, we measured serum concentrations of proinsulin and C-peptide. The proinsulin levels and C-peptide levels decreased prior to islet infusion due to total pancreatectomy and then suddenly increased after islet infusion (Fig. 1A, lower and middle panels). The initial HMGB1 elevation coincided with the elevations of proinsulin and C-peptide. However, 24 h after islet infusion, HMGB1 was elevated, but proinsulin and C-peptide were not. This suggests that only the first elevation of HMGB1 was associated with islet damage.
Next, we examined whether sRAGE, an endogenous decoy receptor for RAGE ligands, was increased after AIT. Serum sRAGE levels were also elevated associated with AIT (Fig. 1C ). The sRAGE level at the completion of infusion (2.6 ± 0.4 ng/ml) was significantly higher than that at admission (1.1 ± 0.1 ng/ml) (p < 0.05). Taken collectively, HMGB1, proinsulin, C-peptide, and sRAGE were elevated during islet infusion; however, only HMGB1 was reelevated 24 h after islet infusion.
Comparison of HMGB1 Levels Between AIT and Px
To assess the correlation between elevation of HMGB1 levels and AIT, we compared the HMGB1 levels between AIT patients and Px patients. As chronic pancreatitis is an inflammatory disease, the pretransplant levels of serum HMGB1 at admission could be different from patient to patient based on disease severity. To minimize the influence of different basal HMGB1 levels due to different severity of disease, we calculated delta (D)HMGB1 levels between first peak level and admission level (DHMGB1). The DHMGB1 levels of the AIT group and Px group were 8.1 ± 1.1 and 2.2 ± 0.5 ng/ml, respectively (p < 0.05) ( Fig.  2A) . Furthermore, the DsRAGE levels of the AIT group and Px group were 1.5 ± 0.3 and 0.6 ± 0.4 ng/ml, respectively (not significant) (Fig. 2B) .
In Vitro Islet Release of HMGB1, Proinsulin, C-Peptide, and sRAGE
To determine whether damaged islets released HMGB1 and sRAGE in vitro, we tested three groups of cultured islets: control, cytokine treated, and hypoxia induced. A PI assay showed that islet cell death was increased with Figure 3 . Release of high-mobility group box 1 (HMGB1), C-peptide, and proinsulin, but not soluble receptor for advanced glycation end products (sRAGE), by damaged human islets. (A) Control islets, cytokine-induced damaged islets, and hypoxia-induced damaged islets were stained with Hoechst33342 and propidium iodide (HO342/PI) (left), insulin (green), HMGB1 (red), and 4¢,6-diamidino-2-phenylindole (DAPI; blue). Scale bars: 100 μm. (B) ELISA measurements of the amount of released proinsulin, C-peptide, HMGB1, and sRAGE from the three groups of islets. The data are expressed as mean ± SD. *p < 0.05 compared to control. nd, not detected. exposure to cytokines or hypoxia induced (Fig. 3A) . In the control islets, HMGB1 stained mainly in the nucleus; however, in the cytokine-and hypoxia-induced damaged human islets, HMGB1 was present not only in the nucleus but also in the cytoplasm (Fig. 3A) . Compared with the control group, the two groups with damaged islets (cytokine treated and hypoxia induced) released significantly higher levels of proinsulin, C-peptide, and HMGB1 (p < 0.05) (Fig, 3B ). However, sRAGE was not detected in the culture medium in any of the three groups, despite the severity of islet damage (Fig.  3B) . These in vitro studies indicated that the damaged human islets, themselves, released HMGB1 but did not release sRAGE.
Correlations With Insulin-Free or Insulin-Dependent Outcome After AIT
In comparing outcomes after AIT, we wanted to avoid the influence of pretransplant glycemic control; we chose 9 of 15 patients whose pretransplant HbA1c levels were less than 6.0%. In this group, five of nine patients were insulin dependent and four of nine patients were insulin-free after AIT [median follow-up period: 8 months (range: 6-15 months)]. A patient became insulin independent immediately after AIT but resumed insulin therapy 4 months after AIT. We considered this patient as insulin dependent at this analysis. There were no significant differences in gender, age, or body mass index (BMI) between the two groups ( Table 2) . Pretransplant HbA1c levels were 5.5 ± 0.3% in the insulin-dependent group and 5.2 ± 0.3% in the insulinfree group (not significant) ( Table 2 ). In addition, there were no significant differences in the total number of transplanted islets, transplanted islets/body weight, tissue volume, purity, or viability (Table 2) .
Significant differences were seen in the changes of serum HMGB1 and sRAGE levels between the insulindependent group and insulin-free group. The DHMGB1 levels of the insulin-dependent group and the insulin-free group were 10.6 ± 1.9 ng/ml and 5.2 ± 0.6 ng/ml, respectively (p < 0.05) (Fig. 4A) . The DsRAGE levels of the insulin-dependent group and the insulin-free group were 0.7 ± 0.2 ng/ml and 2.3 ± 0.6 ng/ml, respectively (p < 0.05) (Fig. 4B) . Most of the insulin-free patients had low DHMGB1 and high DsRAGE (Fig. 4C) . Additionally, similar analysis was performed for patients who had over 6.0% of pretransplant HbA1c (n = 6) ( Fig. 4D to F ). There were no significant differences in ∆HMGB1 as well as in ∆sRAGE between the insulin-dependent and insulinfree groups.
To support the relationship between clinical outcome and DHMBG1 or DsRAGE, we also compared fasting C-peptide or SUITO index 6 months or later after AIT [median follow-up period: 9 months (range: 6-13 months)] with them (Table 3) . Negative correlation with marginal significance level (p = 0.07) between DHMGB1 and SUITO index was found among six patients with pretransplant HbA1c < 6.0%, although there were no correlations with statistical significance in any pairs for patients with over 6.0% of pretransplant HbA1c.
Correlation of DHMGB1 Levels and Other Inflammatory Factors
Finally, we evaluated the association between DHMGB1 and other inflammatory factors, including the number of white blood cells (WBCs), serum inflammatory cytokines, and chemokines. The serum concentrations of epidermal growth factor (EGF), granulocyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony stimulating factor (GM-CSF), IL-10, IL-15, interleukin-1 receptor a (IL-1Ra), IL-6, IL-8, interferon inducible protein 10 [IP-10; also known as chemokine (C-X-C motif) ligand 10], monocyte chemoattractant protein 1 [MCP-1; also known as chemokine (C-C motif) ligand 2], and vascular endothelial growth factor (VEGF) showed a significant increase after AIT compared to that of admission (Fig. 5) . The timing of the elevation of G-CSF, GM-CSF, IL-10, IL-15, IL-1Ra, IL-6, IL-8, IP-10, MCP-1, and VEGF was observed simultaneously or late to the first peak of serum HMGB1 (Fig. 5) . The areas under the curve (AUC) of WBCs and cytokines or chemokines were calculated by the area under the number (WBCs) or the concentration (cytokines or chemokines) time curves. The changes (D) in cytokines or chemokines were calculated by the difference between peak levels and admission levels. In univariate regression analysis, AUC of WBCs (r = 0.59, p = 0.04) (Fig. 6A) , DEGF (r = 0.50, p = 0.05) (Fig. 6B ), AUC of eotaxin (r = 0.63, p = 0.01) (Fig. 6C) , AUC of IP-10 (r = 0.47, p = 0.07) (Fig. 6D) , and DIP-10 (r = 0.58, p < 0.05) (Fig. 6E) were identified as candidates of associated factors with DHMGB1 (p < 0.1 level). The other cytokines or chemokines did not have any significant correlations with DHMGB1 (Tables 4 and 5) . We found significant correlation between AUC of IP-10 and DIP-10 (r = 0.725, p = 0.002) and excluded AUC of IP-10 for further multivariate analysis to avoid colinearity. Among the remaining four factors, AUC of eotaxin (standardized coefficient b = 0.658, p = 0.003) and DEGF (b = 0.601, p = 0.004) were extracted as independently associated variables with DHMGB1.
DISCUSSION
The HMGB1 protein was initially found to be a DNAbinding protein that is present in almost all eukaryotic cells to stabilize nucleosome formation and acts as a nuclear factor that enhances gene transcription (25, 31, 32) . HMGB1 plays a crucial role in response to tissue damage, indicating that HMGB1 is a prototype of the emerging damageassociated molecular pattern molecule (16, 31, 32, 36) .
Previously, we demonstrated that HMGB1 was highly expressed in islets, and damaged islets released HMGB1. Furthermore, the released HMGB1 stimulated dendritic cells (DCs) through the Toll-like receptor (TLR)-2 or RAGE to produce IL-12. Then NK T-cells were stimulated by IL-12, and the activated NK T-cells stimulated neutrophils to produce inflammatory cytokines in the liver receiving syngeneic islets in a murine model (23). The importance of HMGB1 in islet biology was shown by the inhibition of HMGB1, using treatment with neutralizing antibody or using TLR-2 −/− or RAGE −/− mice as recipients, which prevented early islet graft loss and ameliorated receipt of a marginal number of syngeneic islets for streptozotocin-induced diabetic recipient mice (23). In addition, we demonstrated that damaged human islets Figure 4 . Differences between the insulin-dependent group and insulin-free group after autologous islet transplantation (AIT). Results from patients with pretransplant glycated hemoglobin (HbA1c) <6.0% (n = 9) and ≥6.0% (n = 6) are shown in A to C and D to F, respectively. (A and D) The changes in high-mobility group box 1 (HMGB1) between admission and first peak levels and (B and E) the change in soluble receptor for advanced glycation end products (sRAGE) between admission and peak levels. Individual data and median bar are shown. *With Student's t test p < 0.05. (C and F) Correlation between DHMGB1, DsRAGE, and insulin dependency. The white circles show insulin-free patients (n = 4; n = 3), and the black triangles show insulin-dependent patients (n = 5; n = 3) in C and F. also released HMGB1 in vitro (11, 12) . Based on this background, we hypothesized that serum HMGB1 levels would increase after AIT and that increasing levels of HMGB1 would be inversely correlated with the outcomes of AIT. This is the first study to measure serum HMGB1 levels in clinical islet transplantation and describe its variation in AIT, which is a clinical situation without the confounding factors of autoimmunity, alloimmunity, and immunosuppression. We found two distinct elevations of HMGB1 in AIT patients. The maximum values of serum HMGB1 in the 15 AIT patients were 5.9 to 22.2 ng/ml, which are within the range of reported values for sepsis (36), stroke (24), and acute graft-versus-host disease (39). Only the first elevation coincided with C-peptide and proinsulin elevations. Interestingly, the serum HMGB1 level was also elevated in the patient who received approximately 100% pure islets. The present study and our previous studies report that damaged islets release HMGB1 in mice and humans in vitro (10-12,23). Supportively, islet graft function evident by SUITO index 6 months or later after AIT was negatively correlated to early phase of DHMGB1 with marginally statistical significance, suggesting that HMBG1 can be a marker for islet damage in early engraftment. Taken collectively, the results suggest that the first peak of the serum HMGB1 represents a release mainly from damaged transplanted islets (not from exocrine tissue); however, the second elevation does not. HMGB1 is also known to be secreted by activated immune cells, including macrophages (9,36), dendritic cells (7), and natural killer cells (30). Therefore, the second elevation of HMGB1 may be related to release from activated immune cells in recipients.
The kinetics of HMGB1 has been studied in other surgical inflammatory conditions. Suda et al. (34) reported that serum HMGB1 levels in patients who received esophagectomy without complications at 1 day after surgery were between 0.0 and 6.0 ng/ml. Kohno et al. (13) reported that serum HMGB1 levels in patients who received thoracic aortic aneurysm repair were 5.4 ± 5.7 ng/ml immediately after the operation. These studies show that serum HMGB1 levels increase following major surgeries. Therefore, we compared the DHMGB1 levels between the AIT and the Px groups to examine whether elevation of HMGB1 was due mainly to the islet infusion or the surgery. The DHMGB1 was significantly higher in the AIT group compared to the Px group, suggesting that elevation of HMGB1 was mainly due to the islet infusion.
TLR-2, -4, -9, and RAGE are thought to be the receptors for HMGB1 (16). Soluble RAGE consists of several forms, including endogenous secretory RAGE (esRAGE), which is a spliced variant of RAGE, and a shedded form derived from cell-surface RAGE (sRAGE) (14, 32) . The esRAGE is thought to be the endogenous decoy receptor for the RAGE ligands, including HMGB1 (14, 17, 29, 32, 38) . In the present study, we demonstrated that serum sRAGE levels were elevated during islet infusions (admission level, 1.1 ± 0.1 ng/ml; peak level, 2.6 ± 0.4 ng/ml) within a range reported for healthy persons and for intensive care unit patients with or without diabetes (2). It is known that RAGE is expressed at low levels in normal tissues but becomes upregulated at sites where its ligands accumulate (5). Our results suggest that the increased HMGB1 in the serum was functional for activating the RAGE pathway as RAGE ligands, and then sRAGE was upregulated.
sRAGE is widely considered to be an endogenous antagonist of RAGE activation, as recombinant sRAGE can prevent diabetic complications in experimental models FACING PAGE Figure 5 . Serum levels of inflammatory cytokines or chemokines after autologous islet transplantation (AIT). The serum concentrations of epidermal growth factor (EGF), eotaxin, granulocyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony stimulating factor (GM-CSF), interferon (IFN)-g, interleukin (IL)-10, IL-12 subunit p40 (IL-12p40), IL-12p70, IL-15, IL-17, interleukin-1 receptor a (IL-1Ra), IL-6, IL-7, IL-8, interferon inducible protein 10 [IP-10; also known as chemokine (C-X-C motif) ligand 10; CXCL10], monocyte chemoattractant protein 1 [MCP-1; also known as chemokine (C-C motif) ligand 2; CCL2], macrophage inflammatory protein 1-b (MIP-1b; also known as CCL4), and vascular endothelial growth factor (VEGF) in 15 patients were measured. Data are expressed as mean ± SE. *With repeated measurements of ANOVA p < 0.05 compared to admission level. (4,33). An inverse association between circulating concentrations of sRAGE and surrogate measures of atherosclerotic burden has also been described in cross-sectional studies in nondiabetic patients (8) and general population samples (15). A similar phenomenon was observed in the present study. A high DsRAGE was associated with insulin independence after AIT. In addition, we reported that RAGE-deficient streptozotocin-induced diabetic recipient mice were ameliorated after receiving a marginal number of syngeneic islets (23). Taken collectively, the present study suggests that RAGE is involved in the pathway of early islet graft loss in the AIT patients. Moreover, we found that sRAGE was not released from islets; therefore, it seems to be released from recipients. However, the islets in the in vitro model in the present study were isolated from healthy brain-dead donors, possibly leading to a different mechanism from islets in chronic pancreatitis patients. The cellular source and precise roles of sRAGE in AIT remain unclear. At the conclusion of this study, we analyzed the correlation of the transplant outcomes and serum HMGB1 levels. Interestingly, we found significant differences in the DHMGB1 and DsRAGE between the insulin-dependent and the insulin-free groups even though the patient characteristics, the number of transplanted islets, and islet purity and viability were not significantly different between these two groups. Most of the insulin-free population had low DHMGB1 and high DsRAGE. Furthermore, the AUC of WBCs, DEGF, AUC of eotaxin, and ∆IP-10 were significantly associated with ∆HMGB1 in univariate analysis, and AUC of eotaxin and ∆EGF were in multivariate analysis. These results suggest that elevated HMGB1 from transplanted islets activates the inflammatory responses that result in poor clinical outcomes.
There were significant differences in ∆HMGB1 and ∆sRAGE between insulin-dependent and insulin-free groups for patients with less than 6.0% of preoperative HbA1c, although no differences were seen for patients with over 6.0% of pre-HbA1c. This finding suggests the pretransplant factors such as progressive inflammation in pancreas rather than islet damage triggered by ∆HMGB1 in early engraftment may have impact on clinical outcomes for the patients with deteriorating glycemic control. The present study includes a small cohort, which can cause insufficient power to detect statistical significance. We are continuing to measure HMGB1, sRAGE, and the other cytokines/chemokines to clarify islet damage in early engraftment and believe that the findings in the present study with autologous islet transplant can be applied to the improvement of allogeneic transplantation for type 1 diabetes.
In summary, serum HMGB1 and sRAGE were elevated after AIT. HMGB1 seemed to be released by damaged transplanted islets. Therefore, the serum HMGB1 levels might be one of the useful markers for detecting islet damage in clinical situations. Furthermore, a low DHMGB1 and a high DsRAGE were associated with insulin independence after AIT. These results suggest that HMGB1 might be a trigger of early inflammatory reactions and might cause graft loss in AIT patients. Also, inhibition of RAGE pathway by sRAGE also could be a treatment target for the improvement of islet engraftment in AIT. Therefore, anti-HMGB1 therapy including administration of sRAGE might be a candidate for further improving the outcomes of clinical AIT. Delta (D) was calculated by the difference between peak and admission levels. G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte macrophage-colony stimulating factor; IFN, interferon; IL-10, interleukin 10; IL-1Ra, interleukin 1 receptor alpha; MCP-1, monocyte chemoattractant protein 1 [also known as chemokine (C-C motif) ligand 2; CCL2]; MIP-1b, macrophage inflammatory protein 1-beta (also known as CCL4); VEGF, vascular endothelial growth factor (VEGF); WBCs, white blood cells. The area under the curve (AUC) was calculated by the area under the concentration time curves. EGF, epidermal growth factor; IP-10, interferon inducible protein 10 [also known as chemokine (C-X-C motif) ligand 10; CXCL10].
